This invention relates to signal apparatus, and more particu larly to a direct writing signal recording system.
It is an object of the present invention to provide an im proved recording system which is capable of recording a wide band of input signals which may vary in frequency from direct current signals to signals having frequencies in the kilocycle range.
It is another object of the present invention to provide an improved recording system as set forth and wherein direct ink recording is employed while obviating the necessity for a physical engagement between a stylus and the record member.
It is a further object of this invention to provide a recording instrumentality as set forth which incorporates the versatility of electrostatic deflection while retaining the advantages of immediate visibility and permanency of direct ink recording.
In accomplishing these and other objects, there has been provided, in accordance with the present invention, a record ing instrument wherein a jet of writing fluid or ink is caused to issue from a nozzle in the form of a succession of tiny in dividual droplets which are directed toward the surface of a record member. As the individual droplets are formed, they are given an electrostatic charge which is a function of the in stantaneous value of an input signal which is to be recorded. The charged droplets are caused to pass between a pair of electrostatic deflection plates. A constant high-voltage charge is applied to the deflection plates to produce a constant high voltage electric field between the two plates. As the charged droplets pass through the electric field, they are deflected from their normal path by an amount which is a function of the magnitude of the charge on each of the droplets and in a direction which is a function of the polarity of the charge on the individual droplets. Means are provided for assuring that the droplets occur at regular intervals and are uniform in size.
A better understanding of this invention may be had from the following detailed description when read in connection with the accompanying drawings, in which: Referring now to the drawing in more detail, there is shown in FIG. 1 apparatus which illustrates the inventive concept constituting the present invention. This apparatus includes a record receiving member 2, such as a strip of record paper, which is arranged to be driven through a suitable paper guide 4 by means of a drive roller 6 and a pressure roller 8. Record writing fluid is supplied to the system through a tube member 10, a feed pipe 12 and a nozzle 14 under a hydrostatic pres sure head of between 40 and 100 lbs. per square inch. The writing fluid, or ink, issues from the nozzle 14 in a jet which may be on the order of 1/1,000 of an inch in diameter. Issuing thus from the nozzle, the jet has a natural tendency, due at least in part to surface tension of the fluid, to break up into a succession of tiny droplets. In order to assure that the droplets will be substantially uniform in dimension and frequency, means are provided for introducing regularly spaced varicosi ties in the issuing jet, These varicosities, or undulations in the cross-sectional dimension of the issuing jet stream, are made to occur at or near the natural frequency of the formation of the droplets. This frequency may typically be on the order of 120,000 per second. In the structure shown in FIG. 1 In accordance with this invention, the signals to be recorded are applied directly to the writing fluid. In accomplishing this it is assumed that the writing fluid, or ink, is, itself, electrically conductive. The signal to be recorded is applied to the instru ment over a first and second lead wire 20 and 22, respectively. The first lead wire 20 is connected to the feed pipe 12, if that feed pipe 12 is made of electrically conductive material. Otherwise the lead 20 is connected through the wall of the feed pipe 12 into engagement with the ink therewithin. THe second lead wire 22 is connected to a tubular charging ring or electrode 24. The charging electrode 24 is positioned to sur round the path of the inkjet and is positioned relative to the nozzle 14 such that the actual formation of the discrete droplets occurs within the region surrounded by the electrode 24. Thus, as an individual droplet separates from the continu ous stream of the ink supply, it carries with it an electrostatic charge which is proportional to the instantaneous value of the input signal at the instant of separation. Thus each droplet of ink or writing fluid will have its own unique charge charac teristic.
These droplets are directed, at relatively high velocity, toward the surface of the record receiving member 2. In their path towards the surface of the record receiving member 2, the droplets are caused to pass between a pair of electrostatic deflecting electrodes or plates 26 and 28, respectively. These plates 26 and 28 are oppositely charged to a relatively high constant voltage. The deflecting plate 26 might, for example, be charged to a positive 8,000 volts through the lead 30, while the plate 28 might be charged to a negative 8,000 volts through the lead 32. This produces an electric field between the two plates having a total potential difference of 16,000
volts with the two plates spaced about one-half inch apart. As the individually charged droplets pass through the electric field thus produced, they are individually deflected from their straight line path by an amount which is a function of the mag nitude of the charge on the particular droplet. The direction of the deflection will be determined by the polarity of the charge on the droplet relative to the electric field.
Since the charge on the deflection plates is constant and the signal to be recorded appears as a charge on the individual droplets, the frequency response characteristic of the record ing instrument is not limited by the transit time of the droplets between the deflection plates. Since each droplet carries its 3,596,275 3 own unique charge signal, the frequency response capability of the recording instrument is limited only by the frequency of the reoccurrence of the individual droplets. With the droplets occurring at the rate of 120,000 per second, it is apparent that the frequency response characteristic of the recorder ap proaches one-half of the recurrent frequency of the droplets themselves as a practical limit.
The structure shown in FIG. 2 is somewhat different from that shown in FIG. 1 in that a different means is provided for introducing the varicosities in the jet stream issuing from the nozzle. In that figure a nozzle 34 is shown from which the ink or writing fluid 36 issues in a stream. It is assumed for the pur pose of this illustration, that both the nozzle and the writing fluid are electrically conductive. Very closely adjacent the is suing end of the nozzle and surrounding the jet stream there is a first or excitation electrode 38. A high frequency voltage source 39 is coupled by means of a transformer 40 to the noz zle 34 and the excitation electrode 38. The frequency of the applied signal is, of course, determined by the frequency at which the droplets are to be formed. That drop formation frequency is, in our illustrative example, 120,000 drops per second. Unless a DC bias is employed, the applied signal frequency will be one-half that of the drop formation frequen cy. Alternatively, as shown in FIG. 2A , a DC bias from the source 41 may be superimposed upon the high frequency ex citation signal from the source 39 and applied to the excitation electrode 38. With the use of the DC bias, the double-frequen cy effect would be eliminated. Accordingly, in that case the frequency of the applied high frequency excitation would be identical to that of the desired drop rate. Since, as was as sumed, both the nozzle and the fluid are electrically conduc tive, the application of the high frequency signal as thus In the practice of this invention, it was found that under cer tain conditions an undesirable distortion was introduced into the record. It was further found that a cause of such distortion could be traced to the turbulent wake of each droplet affect ing the movement of the succeeding droplets when the droplets follow each other along the same or approximately the same path. One approach to alleviating such distortion is shown schematically in FIG.3 and 4 . In the form of the inven tion there shown, the relative velocity of the droplets with respect to the ambient air is substantially reduced by introduc ing a stream of air which flows collinearly with the stream of droplets. As in the basic structure shown in FIG. 1 , ink is sup plied to a nozzle 48 through a feed pipe 50. THe feed pipe, and hence, the nozzle 48 is vibrated by a magnetostrictive driver 52 which is, in turn, excited by a driving coil 54. As be fore, the frequency of the vibration is about 120,000 cps. The nozzle 48 projects into a passageway defined by a suitable wall means 56. The wall 56 is contoured to define a passageway that embraces substantially the entire path of the ink, or writ ing fluid, between the nozzle 48 and the surface of the record receiving member or paper 58. Within the passageway defined by the walls 56 there is located a pair of deflecting electrodes 60 and 62, respectively. Through suitable means, not shown, a constant flow of air is supplied, care being taken to assure that the flow of air through the passageway is laminar. In order to preserve the laminar flow of air through the passageway, par ticularly in the vicinity of the nozzle 48, the charging electrode is made in the form of a hollow streamlined strut 64 which sur rounds that part of the nozzle 48 and feed pipe 50 which pro jects into the passageway. A small opening 66 is provided in the trailing edge of the strut 64, located opposite the end of the nozzle, through which the ink is projected toward the record receiving member 58. Since the several electrodes in volved in this system are in at least closely spaced relation to the wall means 56, if not actually in physical contact with it, and since these electrodes carry relatively high voltages, it is preferable that the wall means be formed of an insulating material such as a suitable plastic.
With the flow of air moving smoothly in the same direction as the projected droplets, the tendency for rapidly moving droplets to produce a disturbing wake is greatly reduced. In a successfully operated recorder constructed in accordance with this embodiment of the invention, an ink stream or jet length of substantially 2 inches, a velocity of the projected droplets of about 575 inches per second and an air stream velocity of between 380 and 500 inches per second was used and found to give satisfactory results.
Another form of structure embodying the present invention and also providing means for obviating the disturbing effect of turbulent wake from the droplets is shown schematically in FIG. 5 . In that form, the structure includes, as before, a nozzle 68 and a feed pipe 70 for projecting a stream of ink droplets toward the surface of a record receiving member 72. Here, too, means such as a magnetostrictive driver 74, excited by a driving coil 76, is provided for vibrating the feed pipe 70, and, hence, the nozzle 68, to produce the desired varicosities in the issuing ink stream. These varicosities, as previously men tioned, result in the formation of droplets which are uniform in size and spacing. The jet or stream of ink is charged in ac cordance with an input signal as it passes through a cylindrical charging electrode 78. It then, as before, passes between a pair of deflecting electrodes 80.
In this form, a constant velocity laminar stream of air is in troduced into the system in the region through which the stream of droplets flows, the direction of the air stream being perpendicular to the ink droplet stream and collinear with the movement of the record receiving member. The air stream is controlled and directed by a passageway defined by wall means 82 which are, again, preferably made of an insulating material such as a suitable plastic. With the air stream flowing perpendicularly to the ink droplet stream, the disturbing tur bulence of the droplet wake is carried downstream with the air flow. Thus, the wake of one droplet cannot influence the movement of succeeding droplets. The perpendicular flow of air will, of course, cause a bending of the stream of ink droplets, as indicated in the drawing. However, since the droplets are all of the same dimension and the air flow velocity is constant and laminar, the amount of the bending of the ink droplet stream is constant and may be calibrated into the recorder.
In a successfully operated recorder constructed in ac cordance with this embodiment of the invention, an inkjet length of about 1.25 inches, an ink drop velocity of about 1,000 inches per second, and an air stream velocity of about 420 inches per second was found to give satisfactory results.
In FIG. 6 , there is shown a schematic representation of a complete recording system constructed in accordance with the present invention. A pressure source 84 is provided for establishing and maintaining a desired predetermined pressure head on an ink reservoir 86. The ink in the reservoir 86 is fed, under the selective control of a valve means 88, to a feed pipe 90 and, by the feed pipe, to a nozzle 92. The pressure on the ink supplied to the nozzle 92 causes the ink to be projected from the nozzle 92 toward a record receiving member 94. The record receiving member 94 is advanced at a predetermined velocity, through suitable guide means 96 by a drive roller 98 which is, in turn, driven by a suitable record transport motor 100. The drive roller 98 engages one surface of the record receiving member 94 while a pressure roller or idler 102 en gages the opposite surface of the record receiving member 94.
When the recorder is to be turned off and not used for a time, it is desirable that ink be not allowed to stand in the noz 3,596,275 S zle 94. Since the inside diameter of the nozzle is on the order of one-thousandth of an inch, ink allowed to stand therein might tend to clog the opening when the ink has dried. One way of removing the residual ink from the nozzle is to wash it out with a suitable solvent which may well be water. To that end, a reservoir 104 is provided which contains rinse water. The pressure source 84 is also connected to the reservoir 104 to establish a suitable pressure head therein.
The valve means 88 is selectively operable to interrupt the flow of ink from the reservoir 86 and to substitute a flow of rinse water through the nozzle. Of course, it is contemplated that flow from both reservoirs may be cut off. It is further con templated that the illustrative valve means 88 might well in clude a separate valve member for the water and ink supply lines.
In order to vibrate the feed pipe 90, hence, the nozzle 92, to introduce the varicosities previously mentioned, there is pro vided an electromechanical transducer 106 which is mechani cally coupled to the feed pipe 90. The electromcchanical transducer 106 may well be a magnetostrictive unit as men tioned hereinbefore. A DC power supply 108 provides a suita ble bias to the transducer 106 to eliminate a double frequency pulsation. An oscillator 110 provides an oscillatory signal which, when amplified by a power amplifier 112, is applied as a driving signal for the transducer 106. Thus, if the desired rate of occurrence of the ink droplets 120,000 per second, the oscillatory signal produced by the oscillator is also 120 kilocy cles per second.
The intelligence signals which are to be recorded are derived from any suitable signal source 114. The signal source 114 may be substantially any means for producing an electric signal representative of a variable quantity being monitored. The signals from the source 114 are amplified by a signal am plifier 116. THe amplified output signals of the amplifier 116 appear across a pair of output leads 118 and 120. The first of these leads is coupled to the ink in the feed pipe 90 by connec tion to or through the feed pipe 90. The other lead 120 is con nected to a charging electrode 122. As previously explained, the charging electrode 122 surrounds the issuing ink stream in the region where the stream breaks up into a series of discretc droplets. Under these conditions, the individual droplet will carry with it an electrostatic charge which is a function of the instantaneous value of the signal appearing across the two leads 118 and 120 at the instant of separation of the droplet from the body of the ink. A high voltage power supply 124 produces a constant DC output voltage of a suitable high valuc. In a successfully operated recorder constructed in accordance with this inven tion, the power supply produced a positive 8,000 volts and a negative 8,000 volts for a total potential difference of 16,000 volts. The output of this power supply 124 is connected to a pair of deflection electrodes 126 positioned about one-half inch apart, respectively, on opposite sides of the stream of charged ink droplets. Thus energized and positioned, the deflecting electrodes 126 produce a substantial electric field between them. Each droplet, as it passes through this field, in accordance with the laws of charged particles moving in an electric field, is deflected from its original course by an amount which is a function of the magnitude of the charge on the droplet in a direction which is a function of the polarity of the charge on the droplet, the polarity and magnitude of the electric field being predetermined and constant.
In order to minimize the occurrence of distortions in the recording of signals occasioned, as previously described, by the effect of the wake of one droplet on the path of succeeding droplets, there is provided a source of air flow 128. Air flow ing from this source 128 is caused to pass through an air flow smoothing filter 130 to produce laminar flow of the air. A different form of structure which also embodies the present invention is shown in FIGS. 7 and 8. On that form, the record receiving member 132 is a relatively wide web member which, at the recording position, is formed into a cylinder. Suitable means are provided for advancing the record receiv ing member, relative to the recording position, in a direction which is axial of thc formed cylinder. The record receiving member 132 is formed into a cylindrical configuration about a cylindrical record guide member 160. The guide member car ries a pair of pressure idler rollers 162, 164, respectively, at diametrically opposite locations. These rollers 162 and 164 are mounted in suitable recesses in the walls of the guide member in positions to engage the inner surface of the record member 132. A pair of driving rollers 166 and 68 are mounted externally of the cylinder formed by the record member 132 in a position to engage the outer surface of the record member 132 opposite, respectively, the pressure rol for rotating the nozzle about the axis of the cylinder defined by the record receiving member 132. The ink droplets from the nozzle 134 are projected through a charging electrode 138, which is also part of the rotating structure. The charged droplets then pass between a pair of deflecting electrodes 140 and 142, respectively. In this structure, the deflecting elec trodes are each in the form of a flat toroid or ring. The two ring-shaped electrodes are supported in parallel spaced rela tion so that the ink droplets may freely pass between them.
As the nozzle 134 and its associated elements rotate, the projected ink stream would tend to lay down a circular trace on the record member 132. However, since the record member 132 is being advanced through the instrument at a uniform rate, the ink trace becomes basically a helix. The deflection of the ink droplets, in accordance with the signal charge on them, will be in a direction transverse of the basic helix rather than transverse of the direction of travel of the record member, as in the structures hereinbefore described. Since the nozzle rotates as the ink is being emitted, each droplet follows a path which is slightly displaced about the axis of rotation of the nozzle from that of the preceding droplet. Thus, the droplets do not follow each other along the same path, hence they avoid the influence of the wake of the preceding droplets.
Since the ink is projected from the rotating nozzle 134 at relatively high velocity, if the instrument should happen to be turned on when no record receiving member is in place, a rather disturbing mess might ensue. In order to avoid such an occurrence, there is provided an ink collector ring 144 which is positioned externally of the record member position and bridging the free space between the two deflecting electrodes 140, 142. The collector ring 144 is formed with a trough 146 along its lower edge. Thus, if the instrument should be turned on when no recording paper is in position, or if the supply of recording paper runs out while the instrument is still in opera tion, any projected ink that escapes beyond the position of the record member 132 will be intercepted by the collector ring 144. THe intercepted ink will be collected in the trough 146 from where it may be conducted to a suitable reservoir, The reservoir and the nozzle are supplied with ink under rela tively high pressure through a feed pipe 164. One wall of the reservoir 162 includes a movable member such as diaphragm 166. The movable member or diaphragm 166 is mechanically connected to a electromechanical transducer 168 which con stitutes a driver for the diaphragm 166. The driver 168 may be in the form of a magnetostrictive or piezoelectric transducer, or in the form of a dynamic moving coil transducer. As before the transducer may be energized from an exciting source of high-frequency signals 170, which signals alternate at the frequency necessary to produce the high rate of varicosity in the issuing ink stream. In operation ink is supplied through lead pipe 164 to the reservoir 162, filling the reservoir and the nozzle 160. The ink is supplied under the desired relatively high pressure as in the previously described structures. An al ternating pressure wave is superimposed upon the pressure head of the ink supply by operation of the diaphragm 166 under the influence of the driver 168. The resulting variations in pressure produced the desired varicosities in the issuing stream of ink. These varicosities, as before, cause the issuing of ink to break up onto regularly spaced uniformly dimen sioned discrete droplets.
It has been found, under certain conditions, that if all of the droplets issuing from the nozzle are allowed to strike the member, an indistinct image or trace would be produced because of an excessive amount of ink. Since the drop forma tion rate is primarily a function of the inherent mechanics of the system, including the mechanical characteristics of the ink supply itself, it would not be expedient nor practicable to produce a slower drop rate. Accordingly, there has been pro vided, in accordance with the present invention, means for in tercepting a portion of the droplets on a controlled interval basis. The interception of the selected droplets may be accom plished by causing the selected droplets to be deflected from the normal recording path and to be directed to a suitable col lector. This principle is illustrated in FIGS. 11, 12A, and 12B. In FIG. 11 there is shown a pair of wave trains representative of the signals applied to the system to accomplish the selective deflection and interception of the droplets. Curve A of FIG.  11 shows a series of pulses as applied to the droplet formation mechanism, each pulse representing a single droplet. Curve B is representative of a composite series of pulses applied to the droplet charging means, for example to the leads 172 and 174 of FIG. 12A. These leads are connected respectively to the nozzle 176, hence to the ink supply, and to the charging elec trode 178. In the arrangement illustrated in FIGS. 11, 12A and 12B, one-third of the droplets are employed to record the ap plied intelligence signal. The remaining two-thirds are deflected and intercepted. In order to accomplish such a selection the signals applied to the droplet charging means must be synchronized with pulses applied to the droplet for mation mechanism. Thus the pulses of Curve A are employed to trigger suitable pulse producing means such that during the interval of two adjacent pulses of Curve A, a bias signal of signal droplet intervals are charged to a potential representa tive of the instantaneous value of the data or intelligence signal. THese droplets are then directed toward the record member 186 along their individual trajectories within the en velope 188. As these droplets impinge upon the record member 186 they produce a record of the applied signal. The parameters of the system are so chosen that the fixed bias signal is of an absolute magnitude which is greater than the maximum data signal encountered. THus, only the selected droplets corresponding to the intervals of fixed bias are defiected into the intercepting receptacle 182 and all of the droplets representative of data signals are permitted to strike In FIG.  12B , one of the deflecting electrodes 190 may be the same as those heretofore described, a conventional metallic or con ductive plate. The other electrode 192 is unique in that this electrode also serves as the intercepting collector for the bias charged droplets. To this end, the electrode 192 comprises a hollow shell member 194 made of an impervious conductive material such as brass or the like, and a face or cover member 196 made of a suitable porous material which is either in herently conductive or may be rendered conductive. The material of the face member 196 may be a porous ceramic which is normally nonconductive but which becomes conduc tive when it is wet by the conductive writing fluid. Alternative ly, the face member 196 may be made of a porous metallic material such as sintered powdered metal, a substance which is inherently electrically conductive.
As the charged droplets are projected between the elec trodes 190 and 192, those droplets charged in accordance with the bias signal are deflected by the electric field In accordance with the system thus described, and assuming that the sampling ratio is as illustrated, every third droplet is charged in accordance with the desired data signal while the intervening two droplets are charged in accordance with the fixed bias signal and are deflected into the receptacle 182. It will be appreciated, of course, that the system may be ar ranged to provide any desired ratio in the number of data droplets and to the number of selected intercepted droplets. For example, with a relatively slow speed of advancement of the record member 186, sampling rate for the data charged droplets might well be one per hundred, with 99 percent of the produced droplets charged in accordance with the fixed bias and deflected into the intercepting receptacle.
In the system illustrated in FIGS. 11, 12A, and 12B and described in connection therewith, the ratio of data charged droplets to the selected and intercepted droplets is constant. In FIG. 13 there is illustrated a circuit wherein the sampling rate, although still synchronized with the droplet forming signals, is variable in accordance with the rate of change of the data signal. This produces a constant intensity trace.
When the proportion of droplets deflected and intercepted as compared to those actually falling on the record member remain constant, as previously described, the trace appears to be of substantially uniform intensity so long as the input signal is constant or changes very slowly. When, however, a rapid change occurs in the signal, the signal trace is of less intensity during those intervals of rapid change, and, of greater intensi ty during intervals of slight or no change. Such a trace might, under some circumstances, result in a highly undesirable or even confusing record. In order to obviate such a condition, means are provided for controlling the delivery rate of the writing droplets in accordance with the rate of change of the signal to be recorded. The system illustrated in FIG. 13 pro vides means for so controlling the delivery rate of the writing droplets, those actually falling on the record member, that a minimum number of droplets are provided when the input signal is unchanging; then the droplet rate is increased in ac cordance with the derivative of the changing input signal. To this end, the input signal from the terminal 200 is applied to a phase inverter 202 whereby the input signal is divided into two channels such that positive going changes in the input signal produce a signal of the proper polarity in one of the channels and negative going changes in the input signal produce a signal of the same polarity in the other channel. In the first channel, the output signal from the phase in verter 202 is applied to one electrode of a capacitor 204. The other electrode of the capacitor 204 is connected by a lead 205 to an amplifier 206. The output of the amplifier 206 is connected, through a diode 208 to an electronic switch 210. Similarly, in the second channel, the output signal from the phase inverter 202 is applied to one electrode of a capacitor 212. The other electrode of the capacitor 212 is connected, by a lead 213 to an amplifier 214. The output of the amplifier 214 is connected, through a diode 216, also to the input of the electronic switch 210. A constant current source 218 is con nected to the lead 205. Similarly, a constant current source 220 is connected to the lead 213.
The electronic switch is of the type which is "normally open' until the control signal reaches a predetermined threshold value. At such time as the threshold value obtains, the electronic switch will be "closed,' allowing applied signals to be passed through to subsequent equipment. In the instant case, the control signal applied to the electronic switch 210, is that signal derived from either of the two signal channels cou pled to the output of phase inverter 202.
If the input signal applied to the phase inverter is constant, no signal resulting therefrom is transmitted, as a charge signal, across either of the capacitors 204 or 212. Under these condi tions, the minimum control signal is developed by the current signal applied to the capacitors 204 and 212 from the constant current sources 218 and 220. The current from these sources provide a uniformly increasing charge to the capacitors 204 and 212. This, in turn, produces a signal of constant slope which is amplified by the amplifiers 206 and 214. If the am plifiers 206 and 214 are of the type which produce an output signal which is reversed in polarity from the input signal, then the signal applied to the input to the amplifier must be of op posite polarity to that required to turn the electronic switch There is provided a source of trigger pulses 222 which pull ses are synchronized with the droplet formation means as sociated with the nozzle. In other words, the source 222 pro vides a pulse of electrical energy for each droplet of writing fluid produced by the nozzle. This source 222 is connected to the electronic switch 210 so that when the switch 210 is "-closed,' the trigger pulses are passed to a pulse generator 224 connected to the output of the switch 210. The pulse genera tor 224 output is connected, first, to a pulse amplifier 226, the output of which is connected to a signal modulator 228. The output of the pulse generator 224 is also connected to a reset pulse generator 230. The output of the reset pulse generator 230 is connected, through a first diode 232, to the lead 205 and, through a second diode 234, to the lead 213. Addi tionally, a first clamping diode 236 is connected between the lead 205 and electrical ground and a second clamping diode 238 is connected between the lead 213 and ground.
When the switch 210 is "open' the trigger pulses from the source 222 are not passed to the pulse generator 224. When, however, the switch 210 has been "closed' by the control signal, the next trigger pulse from the source 222 is applied to the pulse generator 224. The generator 224 produces a pulse which is substantially a square wave in shape and of just suffi cient width to charge a single droplet. That pulse is then am plified by the amplifier 226 and applied to the modulator 228.
The output pulses from the generator 224 are also applied as input signals to the reset pulse generator 230. THe generator 230 may be in the form of a differentiator to produce a sharp pulse coincident with the leading edge of each of the pulses produced by the generator 224. These sharp pulses are then applied, through the diodes 232 and 234, respectively, to return or reset the capacitors 204 and 212 to zero. The resetting of the capacitors 204 and 212 to zero causes the electronic switch to be again "opened.' Thus, a single trigger pulse from the source 222 is passed by the switch 210 each time the switch is "closed." Each time the capacitors 204 and 212 are reset to zero, they immediately begin to charge again since the constant current sources 218 and 220 continue to the repetition rate of the closing of the switch 210 depends on the charging rate of either of the capacitors.
The output of the modulator is connected to the charging electrode associated with the nozzle, such as the electrode 178 of FIG. 12B. The modulator 228 provides an output signal which, in the absence of a modulating signal, biases the charging electrode such that the droplets will all be deflected to be intercepted by the intercepting means. The signals from the pulse generator 224, amplified by the amplifier 226, are of such a magnitude and polarity that, in the absence of a modu lating signal, they would cause the selected droplets to be charged to such a value that the droplets would be deflected to a maximum deflection away from the intercepting means. However, the signal input terminal 200 is also connected to the modulator 228 as a modulating input signal. Thus, the pulse signals from the pulse amplifier 226 are amplitude modulated by the input signal from the terminal. If, as has been assumed thus far, the input signal is unchanging, the repetition of the pulses from the pulse generator 224, hence the droplet selection rate, will be determined by the rate at which the capacitors 204 and 212 are charged, respectively, by the constant current sources 218 and 220. The deflection of these droplets, or relative location of the resultant trace on the record member, will be dependent upon the magnitude of the signal applied from the terminal 200, If, now, the signal appearing at the terminal 200 should be a changing signal, the change would reflect on the charging rate 3,596,275 of one or the other of the capacitors 204 and 212. If, for exam ple, the change is a positive change, i.e. an increasing signal, the charging rate of the capacitor 204 is increased in propor tion to the rate of increase of the input signal. The threshold level or switching potential of the electronic switch is reached at a time earlier than heretofore described by an amount which is proportional to the rate of increase of the input signal. Thus, the repetition rate of the droplet selection is in creased by an amount which is proportional to the rate of change of the input signal. Accordingly, the net droplet selec tion is at a rate which is proportional to the first derivative of the incoming signal plus a constant, the constant being that supplied by the constant sources and may be related to the velocity of the record member.
The increasing signal which produced a change in the charging rate of the capacitor 204, would have no effect on the capacitor 212 since it would appear as an opposite polarity signal across that capacitor and the clamping diode 238 prevents that capacitor from being oppositely charged.
If, on the other hand, the incoming signal changes negative ly, i.e. a decreasing signal, the capacitor 212 has its charging rate increased, producing an identical effect on the switching rate of the electronic switch 210. Under this condition, the clamping diode 236 prevents the capacitor 204 from being reversely charged.
The system described and illustrated in FIG. 13 provides means for controlling the repetition rate of the writing droplets in accordance with the absolute rate of change of the input signal, without regard to the direction of change in the signal, thereby producing on the record member a substan tially constant intensity trace.
Thus, it may be seen that there has been provided, in ac cordance with the present invention, a graphic recorder for the direct writing of signal information which may cover a wide band of signal frequencies, and in which the direct recording is accomplished without the necessity of physical contact between the writing instrument and the record receiv ing member.
I claim:
1. A method of making records on a record member by use of fluid droplets, comprising the steps of supplying writing fluid to a nozzle under pressure whereby a stream of writing fluid is projected toward the record member, applying cycli cally varying energy at a predetermined frequency to the writ ing fluid to cause the stream issuing from the nozzle to break up into a succession of separate evenly spaced uniform droplets which move in free flight and initially in single file toward the record member, causing the stream adjacent to the nozzle to pass adjacent to a charging electrode, applying varia ble electrical signal values representative of the desired deflections to the charging electrode whereby individual droplets are electrostatically charged to effect different charges on at least some droplets of the succession, causing the droplets thereafter to pass in proximity to a deflecting electrode, applying a potential to the deflecting electrode to produce an electrostatic deflecting field through which the droplets pass whereby charged droplets are deflected laterally, with droplets having different charges moving through dif ferent trajectories, causing relative movement between the record member and the nozzle, and causing at least some of the droplets passing through said deflecting field to be deposited on the record member to make a record thereon. charging said discrete droplets in accordance with the instan taneous values of a variable signal input to effect different charges on at least some droplets of the succession, and elec trostatic means for deflecting said discrete droplets in ac cordance with the charges carried by said droplets during the flight of said droplets between said projecting means and said record receiving member, with droplets having different charges being deflected to take different trajectories, said droplets being deposited on the surface of the record member to produce a record that is characterized by the signal varia tions.
5. A direct writing recorder as in claim 4 in which said droplets are formed at a predetermined rate, together with bias signal means coupled to said electrostatic charging means for placing a predetermined bias charge on selected droplets, said bias means including synchronization means for synchronizing said droplet selection with said droplet forma tion rate.
6. A direct writing recorder as in claim 5 in which said synchronization means causes at least two adjacent ones of said droplets to be successively charged in accordance with said input signal and with said bias charge.
7. A direct writing recorder as in claim 5 in which the mag nitude of said bias signal is distinct from the range of mag nitudes of said input signal whereby bias charged droplets fol low a trajectory substantially different from trajectories fol lowed by droplets charged in accordance with said input signal.
8. A direct writing recorder as in claim 7 together with in tercepting means located in said trajectory of said bias charged droplets for preventing such droplets from striking said record receiving members.
9. Apparatus as in claim 5 together with means for inter cepting said selected droplets. 10. A direct writing recorder comprising means for project ing a stream of writing fluid in the form of a single file succes sion of spaced discrete droplets toward the surface of a record receiving member, means for supporting a record receiving member and for effecting relative movement between the same and said projecting means, means for electrostatically charging said discrete droplets in accordance with the instan taneous values of a variable signal input to effect different variable on at least some of the droplets of the succession, a pair of electrostatic deflecting electrodes positioned, respec tively, on opposite sides of said stream of droplets, and means for applying a constant unidirectional electrostatic charge to said deflecting electrodes to produce a constant electric field therebetween whereby to deflect the path of said discrete droplets in their course between said projecting means and said record receiving member in accordance with the charges carried by said discrete droplets, with droplets having dif ferent charges being deflected to take different trajectories, said droplets being deposited on the surface of the record member to produce a record that is characterized by the signal variations.
11. A direct writing recorder comprising means for project ing a stream of writing fluid toward a record receiving member, means for supporting a record receiving member and for effecting relative movement between the same and said projecting means, means for introducing regularly spaced var icosities in the stream of said writing fluid to assure the forma tion of a succession of discrete droplets of uniform dimension at a constant rate, means for electrostatically charging said discrete droplets in accordance with the instantaneous values of a variable signal input to effect different charges on at least some droplets of the succession, a pair of electrostatic deflect ing electrodes positioned, respectively, on opposite sides of said stream of droplets, and means for applying a constant unidirectional electrostatic charge to said deflecting elec trodes to produce a constant electric field therebetween whereby to deflect the path of said droplets in their course between said projecting means and said record receiving member in accordance with the charges carried by said dis crete droplets, with droplets having different charges being deflected to take different trajectories, said droplets being deposited on the surface of the record member to produce a record that is characterized by the signal variations.
12. The invention as set forth in claim 11 wherein said means for introducing said varicosities in said stream com prises electromechanical vibrating means mechanically cou pled to vibrate said nozzle, and means for exciting said vibrat ing means at the desired formation rate.
13. A direct writing recorder comprising, in combination, means for projecting a stream of writing fluid toward a record receiving member including a nozzle, means for supporting a record receiving member and for effecting relative movement between the same and said projecting means, a feed pipe con nected to said nozzle for supplying writing fluid thereto, and means for establishing a substantial pressure head on said fluid in said feed pipe; means for introducing regularly spaced var icosities in the stream of said writing fluid to assure the forma tion of a succession of discrete droplets of uniform dimension and at a constant rate; means for electrostatically charging said discrete droplets in accordance with the instantaneous values of a variable signal input to effect different charges on at least some droplets of the succession; a pair of electrostatic deflecting electrodes positioned, respectively, on opposite sides of said stream of droplets; and means for applying a con stant unidirectional electrostatic charge to said deflecting electrodes to produce a constant electric field therebetween whereby to deflect the path of said droplets in their course between said nozzle and said record receiving member in ac cordance with the charges carried by said discrete droplets, with droplets having different charges being deflected to take different trajectories, said droplets being deposited on the sur face of the record member to produce a record that is charac terized by the signal variations. A direct writing recorder comprising, in combination, means for projecting a stream of writing fluid toward a record receiving member including a nozzle, a feed pipe connected to said nozzle for supplying writing fluid thereto, and means for establishing a substantial pressure head on said fluid in said feed pipe; electromechanical vibrating means for vibrating said nozzle to introduce regularly spaced varicosities in the is suing stream of said writing fluid to assure the formation of a succession of discrete droplets of uniform dimension and at a constant rate; means for exciting said vibrating means at the desired formation rate; a charging electrode positioned ad jacent said nozzle and surrounding the path of said stream; means for applying a charging signal between said fluid and said charging electrode whereby to electrostatically charge said discrete droplets in accordance with the instantaneous values of an input signal; a pair of electrostatic deflecting elec trodes positioned, respectively, on opposite sides of said stream of droplets; means for applying a constant unidirectional electrostatic charge to said deflecting elec trodes to produce a constant electric field therebetween whereby to deflect the path of said droplets in their course between said nozzle and said record receiving member in ac cordance with the charges carried by said discrete droplets; guide means for guiding said record receiving member in a position to receive said stream of droplets; and record receiv ing member driving means for driving said record receiving member through said guide means.
25. A direct writing recorder comprising means for project ing a stream of writing fluid toward a record member, means for introducing regularly spaced varicosities in the stream of said fluid to assure the formation of droplets of uniform dimension and at a constant rate, means for electrostatically charging selected ones of said discrete droplets in accordance with the instantaneous values of a signal input, means for caus ing the remainder of said discrete droplets to have a common charge value, a pair of electrostatic deflecting electrodes posi tioned, respectively, on opposite sides of said stream of droplets, means for applying a constant unidirectional electro static charge to said deflecting electrodes to produce a con stant electric field therebetween whereby to deflect the path of said droplets in their course between said projecting means and said record receiving member in accordance with the charges carried by said discrete droplets, and means for inter cepting those droplets having said common charge value.
26. The invention as set forth in claim 25 wherein said inter cepting means comprises a receptacle positioned adjacent the path of said droplets and into which the common charge value droplets are directed.
27. The invention as set forth in claim 25 wherein said inter cepting means includes one of said deflecting electrodes, said one of said electrodes comprising a hollow shell member formed of impervious conductive material and a face member formed of material which is pervious to the writing fluid and onto which the common charge value droplets impinge and means for drawing the intercepted droplets through said pervi ous member into said hollow shell member.
28. The invention as set forth in claim 25 wherein the ratio of the number of said selected droplets to the number of the common charge value droplets is a predetermined fixed ratio.
29. The invention as set forth in claim 25 wherein the ratio of the number of the selected droplets to the number of the common charge value droplets is a function of the rate of change of the signal input. 30. A direct writing recorder comprising means for project ing a stream of writing fluid in the form of a single file succes sion of spaced, discrete droplets toward the surface of a record receiving member, means for supporting a record receiving member and for effecting relative movement between the same and said projecting means, means for characterizing said discrete droplets in accordance with the instantaneous values of a variable signal input to effect dif ferent characterizations on at least some droplets of the suc cession, and means for deflecting said discrete droplets in ac cordance with the characterizations of said droplets during the 3,596,275 15 flight of said droplets between said projecting means and said record receiving member, with droplets having different characterizations being deflected to take different trajecto ries, said droplets being deposited on the surface of the record member to produce a record that is characterized by the signal variations.
31. A direct writing recorder as in claim 30 in which the means for characterizing the discrete droplets consists of means for electrostatically charging the droplets and in which the means for deflecting the discrete droplets consists of means forming an electrostatic field through which the droplets are projected.
32. A direct writing recorder as in claim 31 together with a droplet interceptor disposed whereby predetermined ones of the droplets that are so characterized are projected toward and intercepted by the same. 33. Liquid droplet recording apparatus comprising, means for forming a fluid jet by supplying fluid to an orifice at a pres O 15 16 sure sufficient to cause fluid to issue from the orifice as an un supported stream, means for providing periodic varicosities in said jet to cause it to divide at predetermined intervals into a single file succession of discrete droplets, means for establish ing a droplet charging electric field at the region of said fluid jet where said drop division occurs including means for vary ing said electric field with time as a function of the instantane ous values of a variable signal input to charge the droplets in accordance with said instantaneous values to effect different charges on at least some droplets of the succession, means for establishing a deflecting electric field in a region traversed by said droplets for causing said drops so charged to follow trajectories that are a function of the amount of charge on said droplets, and means for collecting said droplets, said last means serving to collect droplets having different trajectories 
